Objective To identify if functional treatment is the best available treatment for simple elbow dislocations. Search strategy Electronic databases MEDLINE, EMBASE, LILACS, and the Cochrane Central Register of Controlled Trials. Selection criteria Studies were eligible for inclusion if they were trials comparing diVerent techniques for the treatment of simple elbow dislocations. Data analysis Results were expressed as relative risk for dichotomous outcomes and weighted mean diVerence for continuous outcomes with 95% conWdence intervals. Main results This review has included data from two trials and three observational comparative studies. Important data were missing from three observational comparative studies and the results from these studies were extracted for this review. No diVerence was found between surgical treatment of the collateral ligaments and plaster immobilisation of the elbow joint. Better range of movement, less pain, better functional scores, shorter disability and shorter treatment time were seen after functional treatment versus plaster immobilisation.
Introduction
The elbow joint is the second most commonly dislocated joint in adults. The annual incidence of simple and complex elbow dislocations in children and adults is 6.1 per 100,000 [1] . Elbow dislocations are classiWed as simple or complex types [2] . The simple dislocation is characterised by the absence of fractures, while the complex dislocation is associated with fractures. The terrible triad is an example of a complex posterior dislocation with intra-articular fractures of the radial head and coronoid process. The annual incidence of complex elbow dislocations in children and adults is 1.6 per 100,000, or 26% percent of all elbow dislocations [1] . Conn et al. [3] found 414 injuries of the elbow in their fracture service, including 58 elbow dislocations in children and adults. Elbow injuries accounted for 6.8% of all treated fractures. Seventy-six percent of the patients with elbow dislocations were older than 20 years. In 51% of these adults, the dislocations were simple, a lower percentage than the 74% found in Josefsson's study [1] . Elbow dislocations can also be classiWed by the direction of their displacement. Nearly all the dislocations are of the posterior or posterolateral types. In Conn's study, 96% of the dislocations were posterior or lateral [3] and JoseVson reported no anterior dislocations in his study of 52 patients [4] . In 58% of patients, the simple elbow dislocations were on the nondominant side [4] . Following reposition and treatment in plaster of simple dislocations, recurrent dislocations and chronic instability are not or only rarely seen [2] . For instance in JoseVson's study an obviously unstable joint was seen in his study of 52 patients after a mean follow-up of 24 years [4] . After reposition of the simple dislocation, treatment options include immobilisation in a static plaster for diVerent periods, surgical treatment of the ruptured medial and lateral collateral ligaments or so-called functional treatment, which is characterised by early active movements within the limits of pain with or without the use of a sling, hinged brace or functional plaster. In theory, after repositioning of a simple dislocated elbow, the joint retains an inherent stability caused by the contour of the intact joint surfaces. This stability may allow the patient to exercise the joint shortly after the reposition. This functional treatment should prevent stiVness or restricted range of motion without risking increased joint instability.
The primary objective of this systematic review of the literature was to identify if functional treatment is the best available treatment for simple elbow dislocations after closed reduction.
Materials and methods
We conducted an electronic search including MEDLINE, EMBASE, LILACS and the Cochrane Central Register of Controlled Trials (CENTRAL). We did not limit the search by language or publication date. We used the following search terms in diVerent combinations as MeSH (Medical Subject Heading) terms and as text words: elbow joint, dislocation, treatment outcome, surgery, controlled clinical trial, comparative study. Manual searches including reference lists of all included studies were used to identify trials that the electronic search may have failed to identify.
Two reviewers independently assessed the titles and abstracts of all reports identiWed by electronic and manual searches. Each report was labelled as (a) deWnitely exclude, (b) unsure or (c) deWnitely include. Full text articles of abstracts labelled as "unsure" were reassessed according to the inclusion criteria for this review. Any diVerences were resolved through discussion. Studies labelled as "deWnitely exclude" were excluded from the review, while studies labelled as "deWnitely include" were further assessed for methodological quality.
Two reviewers independently extracted the data for the primary and secondary outcomes and entered the data into data collection forms developed for this purpose. Discrepancies were resolved by discussion. All data were entered into Review Manager Two reviewers independently assessed the included studies for sources of systematic bias in trials. The studies were evaluated with the following criteria: allocation concealment (selection bias), rates of follow-up and intention to treat analysis (attrition bias). Allocation concealment was graded as (a) adequate, (b) inadequate or (c) unsure. DiVerences between the two reviewers were resolved by discussion. Masking of outcome assessors in the included studies was assessed.
Dichotomous outcomes (e.g., presence/absence of normal extension) were reported as proportions and were directly compared (diVerence in proportions). We used these proportions to calculate risk ratios (RRs) and absolute risk reductions (risk diVerences) with 95% conWdence intervals (CIs). For continuous data (e.g., range of motions, function scores) results are presented as weighted mean diVerences (WMD). We used Review Manager 5.0 software (RevMan 5.0, Cochrane software) for generating the Wgures and statistical analyses. We explored heterogeneity using the chi-squared test with signiWcance set at a P value less than 0.10. The quantity of heterogeneity was estimated by the I-squared statistic.
Because prior statistical evidence existed for homogeneity of eVect sizes, the planned analysis used a Wxed eVect model.
Results
A total of two randomised controlled trials (RCTs) and six observational comparative studies comparing diVerent treatments for elbow dislocations were included with a total enrolment of 342 patients with available follow-up (see Tables 1, 2 , 3, 4, 5, 6, 7 and 8 for characteristics of the included studies). The full text of every study was retrieved.
Because only two RCTs were retrieved we expanded the review with observational comparative studies. Non-comparative observational studies were excluded. All studies included simple elbow dislocations. One study consisted of patients with simple and complex elbow dislocations [5] . No RCTs or comparative studies of complex elbow dislocations were retrieved.
One RCT comparing surgical and non-surgical treatment of simple elbow dislocation was included [6] . The other RCT compared functional treatment with immobilisation in plaster during 3 weeks [7] . The observational comparative studies compared functional treatment with immobilisation in plaster [5, 8, 9] or compared diVerent periods of immobilisation [10] [11] [12] .
Observational studies that did not compare diVerent treatments were excluded because they provide a low level of evidence (level IV evidence, no control group).
In Josefsson's study [6] random selection was by the use of sealed envelopes, but in Rafai's study [7] no information on randomisation was published. In the observational studies from Schippinger [12] and Maripuri [8] the period of immobilisation, and thus the treatment allocation, was dependent on the preference of the treating doctor.
Since blinding of treatment is diYcult or impossible in surgical treatments, the RCTs did not blind doctors or patients to treatment. No information is provided about blinding of the evaluators of the outcomes.
In the observational studies of Protzman [11] and MehlhoV [10] no standard deviations of the outcome measures are given and in the study of MehlhoV [10] the sample sizes of the treatment groups are also not provided. In Schippinger's study [12] the sample sizes and outcome scores of the three groups with diVerent immobilisation periods are not provided.
In the observational studies of Schippinger [12] and Maripuri [8] the period of immobilisation was dependent on the treating doctor and was most likely biased by the severity of the trauma so that the patients with the most severe trauma received the longest period of immobilisation.
The results were expressed as relative risk (RR) for dichotomous outcomes and weighted mean diVerence (WMD) for continuous outcomes with 95% conWdence intervals (CI).
Only data from two observational studies comparing functional treatment with plaster immobilisation could be pooled [5, 8] . The percentages of excellent or good results were pooled with the Mantel-Haenszel statistical method. For this pooling, the Wxed eVects model was used since we assumed that all variation between the two studies was caused by chance and that the studies measured the same overall eVect. Even if a random-eVects model was used, our conclusions remained the same. Data from the other studies that compared diVerent types of treatment and used diVerent outcome measures could not be pooled due to clinical and methodological heterogeneity, and thus are described individually. Loss of Xexion >1 year: surgical group 1° (SD = 2) and non-surgical group 1° (SD = 2)
For unstable elbows (N = 11 of which 6 were treated surgically) the loss of extension >1 year was 20° (SD = 19), and loss of Xexion was 2° (SD = 3)
No recurrent dislocations or episodes of instability in both groups Allocation concealment Random selection by 30 sealed envelopes, 15 envelopes for surgical treatment and 15 for non-surgical treatment 
Functional treatment versus plaster treatment
One RCT and three observational studies are described (Table 10 ). The results of the RCT are described individually [7] . Data from two studies could be pooled to analyse the percentage of excellent and good outcomes (Fig. 1) [5, 8] . At a follow-up time greater than 2 years, there was a signiWcant diVerence between functional and plaster treatment for the outcome excellent and good results (Comparison 2.6: RR 1.76, 95% CI 1.19-2.60; P = 0.004). The other outcome measures of Maripuri [8] Table 6 Characteristics of the study of Protzmann [11] Methods Retrospective observational study with 3 comparative groups, mean follow-up 24. MEPI is one of the most commonly used physician-based elbow rating systems. This index consists of four parts: pain (with a maximum score of 45 points), ulnohumeral motion (20 points), stability (10 points) and the ability to perform Wve functional tasks (25 points). The DASH disability/symptom score is a summation of the responses to 11 questions on a scale of 1-5, with 0 (no disability) to 100 (severe disability).
The results of the observational study of Riel [9] are described individually. The physiotherapy time in weeks (Comparison 2.10: WMD ¡4.00, 95% CI ¡5.78 to ¡2.22; P < 0.0001), disability period in weeks (Comparison 2.11: WMD ¡8.00, 95% CI ¡11.71 to ¡4.29; P < 0.0001) and after-treatment time in months (Comparison 2.12: WMD ¡2.00, 95% CI ¡3.78 to ¡0.22; P = 0.03) were statistically signiWcant shorter in the functional group.
DiVerent periods of plaster immobilisation
The results of the observational studies [10] [11] [12] comparing diVerent periods of plaster immobilisation could not be expressed as RR or WMD because data (sample sizes of the groups or scores and/or standard deviations) were missing. Thus, we could not judge the following conclusions made by the authors of the studies. Without making statistical inferences, Protzman [11] describes less extension loss and shorter mean disability in weeks for the shorter immobilisation group. MehlhoV [10] describes less extension loss for the two shorter immobilisation groups (group I 0-13 days, group II 14-24 days), with a signiWcant correlation between extension loss and duration of follow-up (P = 0.001). He also reported less Xexion loss and less prevalence and severity of pain for the shorter immobilisation groups but did not analyse this data statistically. The number of patients with symptoms of instability of the elbow joints increased from the shorter immobilisation group to the longer immobilisation groups without reaching statistical signiWcance at the 5% level. Schippinger [12] saw better Morrey scores, which are composed of the items pain, movement, strength, instability and function (activities of daily living), and better separate pain scores in the shorter immobilisation groups, though without statistical signiWcance. Stability testing of the elbow joint after reposition Do the above results diVer for stable or instable elbow joints after reduction? Nearly all cited studies only included stable joints after reduction. An exception is the study of Josefsson et al. [6] . In this study, the elbows were tested for instability after reduction in general anaesthesia and compared with the other elbow in full but unforced extension. All the elbows showed medial instability and 16 of 30 elbows showed lateral instability. Eleven elbows re-dislocated easily. Royle's [5] study also included unstable elbow joints. The elbows were tested mainly in general anaesthesia in extension with valgus stress and eight of the 38 elbows showed instability. MehlhoV et al. [10] and Schippinger et al. [12] tested for instability and did not include unstable elbows. Maripuri et al. [8] , Riel et al. [9] and Protzman et al. [11] did not test the elbows for instability. We carefully conclude that the majority of the patients, included in these studies, had simple dislocations, which remained stable after reposition.
Discussion
This review has included data from two trials and three observational comparative studies. Important data were missing from three observational comparative studies and the results from these studies were extracted for this review.
Only one RCT assessed suture repair of the collateral ligaments of the elbow joint versus conservative treatment with plaster [6] . No statistically signiWcant diVerences were found either for loss of extension at 5 weeks, 10 weeks or after more than 1 year, or for loss of Xexion after more than 1 year. A trend was found for less loss of Xexion at 5 and 10 weeks for the conservative group. This study lacked the power to Wnd a signiWcant diVerence because of its small sample size.
Only one RCT compared functional treatment and plaster [7] . The percentages of patients with normal extension and Xexion at 1 year were not statistically diVerent. A signiWcantly higher percentage of patients with normal extension at 3 months was found for the group with functional treatment. A trend was found for a higher percentage of patients with normal Xexion at 3 months and normal proand supination at 1 year for the functional treatment group. This study also lacked the power to Wnd a signiWcant diVerence because of its small sample size. An important shortcoming of this study is that it did not describe the randomisation process, so allocation bias cannot be excluded.
To analyse the percentage of patients with excellent or good results at more than 2 years following either functional treatment or plaster immobilisation, two observational comparative studies were pooled [5, 8] . This classiWcation of excellent or good depends on the amount of pain and range of movement. The results favoured the functional group. This functional treatment after the reposition consisted of early mobilisation in a sling without a plaster or brace.
For the outcome measures MEPI score, quick DASH score and weeks of work we used an individual observational study. Functional treatment resulted in signiWcantly better outcomes. In addition, an individual observational study showed that patients in the functional group needed less time for physiotherapy and after-treatment and had a shorter disability period. Importantly, since treatment allocation was determined by the attending physician in these observational studies, it is likely that severe cases were prescribed longer immobilisation. In one study, outcome was in fact correlated with the presence of fractures, delay to reduction, and direction of dislocation [5] . Any of these variables could be a confounding factor in analysing the eVect of treatment in study, as the heterogeneity could be introduced by combining patients with simple and complex dislocations.
Data from the studies comparing diVerent periods of plaster immobilisation could not be extracted, while the authors of all three observational studies observed less movement loss after shorter immobilisations, but this Wnding was only statistically signiWcant in one study. These studies could also be confounded by the severance of the injury, as worse cases probably underwent longer immobilisation periods.
In the eight included studies only one recurrent dislocation after treatment was mentioned [8] i.e., one recurrence on 342 patients (0.3%). No subjective or gross objective signs of instability were found after treatment, indicating that recurrent dislocations and instability are not a problem after simple posterior dislocations. The majority of the patients (323 out of 342 patients) probably had a stable elbow joint after reduction of the dislocation, although it was not clear in three studies if the patients were tested for instability.
Summary of main results
No diVerence was found between surgical treatment of the collateral ligaments and plaster immobilisation of the elbow joint. Better range of movement, less pain, better functional scores, shorter disability and shorter treatment time were seen after functional treatment versus plaster immobilisation. Since we did not Wnd any RCTs or comparative studies that studied complex elbow dislocations, our conclusions can only address simple elbow dislocations. Our conclusions only apply to stable elbow joints after reduction.
The quality of the evidence is very low because of the lack of high-quality RCTs. Moreover, the available RCTs lack power due to their small sample sizes. The observational studies could be biased by confounding due to the use of a historical control group or treatment allocation by the treating physician rather than by randomisation. In addition, the treatment groups were not balanced for important potential confounders, and some observational studies did not provide important data as sample size and/or standard deviations.
Since we did not Wnd any RCTs or comparative studies that studied complex elbow dislocations, our conclusions can only address simple elbow dislocations, which are considered stable after reposition.
We advise to test the elbow after reposition for instability by valgus and varus testing and by the lateral pivot-shift test [13] . When the elbow is considered stable one may consider functional after treatment with a pressure bandage. When plaster immobilisation is preferred to treat simple elbow dislocations one has to realise that immobilisation of more than 14 days may be associated with stiVness.
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